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PROTOTYPE NICKEL CADMIUM CELLS FOR A FIJTWl 

METEOROLOGICAL SPACECRAFT 

bY 

G. &gar and J. Callahan 

SUMMARY 

The object  of t h i s  repor t  i s  t o  summarize the work accom- 
pl ished during a program i n i t i a t e d  t o  design and develop a prototype 
nickeJ-cadmium c e l l  fo r  a future  meteorological satell i te.  

A c e l l ,  consisting pr imari ly  of th in  p l a t e s  t o  enhance charge 
cha rac t e r i s t i c s ,  w a s  developed, manufactured, and tested. 
of 265 c e l l s  were fabricated,  of which 15 had rubber seals. 

A t o t a l  

It was concluded t h a t  the desired cha rac t e r i s t i c s  of high 
rate (C/8) overcharge capabi l i ty  was achieved, but the d i f f e r e n t i a l  
between t h i s  c e l l  and the standard 6 AH cell was i n su f f i c i en t  i n  
terms of c e l l  voltage. %ell pressure cha rac t e r i s t i c s  were s i g n i f i -  
cant ly  d i f f e ren t ,  the  new prototype being superior. 
rates, C/3.5 and C/3, the a t t r i b u t e s  of the  thin plate design manifasr 
themselves. 

A t  higher charge 

Although the  d i f f e r e n t i a l  ex is t ing  between e l e c t r i c a l  char- . 
a c t e r i s t i c s  are not grea t  a t  low l eve l  charge r a t e s ,  the trend e x i s t s  
i n  the  favor of t he  t h i n  p l a t e  cell,  and a log ica l  extension of t he  
program is a thinner p l a t e  ce l l .  

!&a rubber seal turned out  t o  be qu i t e  unre l iab le ,  but a 
redesign of the  seal, and possibly the  c e l l  t o  accommodate the  s e a l  
design, could lead t o  a sa t i s f ac to ry  solution. 
leak path,  a means of preventing l o s s  of bonding agent during molding, 
and thermal i so l a t ion  between rubber and areas  t o  be welded. 

Required axe a longer 
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INTRODUCTION 

The object ive of t h i e  contract  was t o  develop, fabr ica te ,  and de- I 

liver -to Coddard Space Fl ight  Center, th ree  hundred (300) prototype 
nickel-cadrmirtm c e l l s  t h a t  conformed t o  "Specification For Prototype 
Nickel-Cadmium Cel ls  for a Future Meteorological Spacecraft". 
c e l l a  were t o  incorporate the l a t e s t  advances i n  the  s ta te-of- the-ar t  
with respect  t o  e l e c t r i c a l  and mechanical charac te r i s t ics .  

These 

The contract  was amended a f t e r  inauguration of the  program t o  in-  
clude a study of a rubber seal fo r  space appl icat ions.  
300 c e l l s  were t o  be delivered with t h i s  sea l .  

Fifty of the  

The work w a s  performed i n  t h ree  sect ions;  design and development, 
production, character izat ion,  and development of the  rubber seal. 

c -  

. 
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I 
DESIGN 

Size,  Weight, and Shape 

d L  

. -  

The c e l l  design def ines  a pr ismatic  c e l l ,  the  dimensions of which 
a r e  shown i n  Figure 1. 
n e  range for the  production group was from 263 t o  277 grams, or  
270 2 7 grams. 

The average weight fo r  the cell i s  268 grams. 

mis  i s  within 2 3%. 

Cmionent s 

Both c e l l  types,  ceramic-co-metal and rubber seal, are made of 
the  same p a r t s  with the exception of the  seal. 

The negative eiectrode is a s in te red  n icke l  p l a t e  on a nickel  
p l a t e ,  cold ro l l ed  steel subs t ra te ,  impregnated with cadmium hygroxide, 
w i t h  a t o t a l  thickness of .025 inches. !Che pos i t i ve  electrode i s  p l a t e  

t o t a l  thickness of -027 inch. A to ta l  of 11 pos i t i ve  p l a t e s ,  12 negative 
p l a t e s ,  and 1 Adhydrode comprhe the  e lec t rode  asse~nbly. 

similar t o  the  negative but impregnated with nickel  hydroxide to a i 

‘A non-woven nylon separator  .010 inch th ick  was used. 

The electrode assembly is connected t o  t h e  seal through a comb. 
The tabs  of each electrode a r e  inser ted  i n t o  the  comb, crimped over 
and he l i - a rc  welded. 
The cover assembly cons is t s  of a cover, two i so la ted  terminals, and 
an Adhydrode terminal. 

The comb i s  then a r c  welded t o  the cover assembly. 

* 

. 
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ELECTSICAT, 
Nominal Capacity VOG-HSB 6 Amp, Hrs, 

, V06-HSAD 
7 'V06-HSTPAD 

Nominal Voltage 1.25 Volts 
* Operating Temp. Range 40°F t o  100°F r%f , Continuous Overcharge 

Capability C/1O'Amp, at 77OP . Overcharge Voltage At 
4/10 Rate & 77OF 

GI2 Rate 6 77% * 1,2 volts 

i.4i t o  i,43 volts 
Discharge Voltage At 

End o f  Charge Voltage ~ 

At C/5 Rate & 7 7 9  '.e; a 2,46 to 1,& v o l t s  
.. .. .. 

c 

ii", . -  . .  

' .  

FIG. 1 OUTLINE CELL VO6-HS-TPAD SERES 

j * 
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I n i t i a l  Prototypes 

The firs. -:mp of c e l i s  were fabricated using 25 p l a t e s  and a 
very t h i n  sepxrator (Pellon type 2505K) . 
25 p la t e s  weze not required t o  r e a l i z e  capacity and the separator 
system was l e s s  than adequate i n  terms of cont inui ty ,  

Testing indicated tha t  

Pre-Production Prototypes 

f i e  second group of prototypes used 23 p l a t e s  a,.d standard 
separator  (Pellon type 2505 ML). Ten pos i t i ve  and c.ieven negative 
p l a t e s  were cut  i n  accordance with spec i f ica t ions  (see Fig. 2 and 
Fig. 3). The edges were coaced with a f i lm of p l a s t i c  and tabs in-  
se r ted  i n t o  combs. The combs 
were then welded t o  a twin \-aramic cover assembly, and the sepbrator 
system w a s  added, as w e l l  as the  Adhydrode. A load of 6 tons w a s  
placed on the  electrode assembly, and the  assembly w a s  checked f o r  a 
short ing condition. A sheet of ,005 nylon was used t o  wrap the com- 
p le ted  electrode assembly pr ior  t o  i n s t a l l a t i o n  in to  t h e  case. 
i n s t a l l a t i o n ,  the  cover war? he l i -a rc  welded t o  the  case and t he  assembly 
was tes ted  f o r  leaks with a hel ium mass spectrometer. 
34% KOH w a s  added and e l e c t r i c a l  t e s t i n g  begun. 

i'abs weBe crimped and then welded. 

After  

15 cc ' s  of 

I n i t i a l  r e s u l t s  gave vent t o  cautious optimism a s  capacity,  
pressure on charge and end-of-charge voltages were good, 6.5 t o  
7.2 AH, -17 in. hg -- + 7 psig,  and 1.44 t o  1.445 V, respect ively,  
a f t e r  5 days-at 1 ampere (C/6). 

]Bawd on this work, the mechanical design was frozen and elec-  
trical charac te r i s r ice  furcher investigated.  

Optmizing Quantity of Elec t ro ly te  
B 

The prototype c e l l s  were then tes ted  as described i n  the  follow- 
ing paragraphs t o  determine the proper amount of e lec t ro ly te .  A 
t heo re t i ca l  value w a s  deterniined and t e s t ing  s t a r t e d  a t  15 cc's .  

The c e l l s  were immersed i n  an o i l  bath and c e l l  temperature 
monitored and kept a t  a constant temperature. Sensors were located 
on the center of the major face and i n  the center of a minor face. 
A temperature d i f f e r e n t i a l  existed across  the c e l l  and was approxi- 
mately 3OF. 
of the sensor on the major face, and was 79'F. 
dicated 76'F. 

The temperatyre of the c e l l s  was taken a s  the temperature 
The other  sensor in- 

i 

Cells were charged a t  C / 6  (1 amp) and permitted t o  s t a b i l i z e .  
-4- 0 
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This took about 20 hours. 
minimum, and pressure,  c e l l  voltage and Adhydrode current monitored. 
The c e l l s  were then dzscharged a t  C/2 (3 amperes) to  1.0 vol t .  
same procedure was used a s  e lec t ro ly te  was increased in  % cc s teps  
from 15 cc t o  1 7  CC. 
voltage is shown in Figure 4. 

I, 

Overcharge was continued for  24 hours 

The 

A plot of  range of capacity, pressure, and cell 
The average c e l l  voltage is a l s o  given - 

As may be seen, cell voltage does not vary grea t ly  with 
.) 

' of electrolyte .  
in Table 
quantity 

I 

L *  

Based on 

!FABLE I - AVERAGE OVERCHARGE C E U  VOLTAGE 

QUANTITY OF ELECTROLYTE AVERAGE CELL VOLTAGE 
cc ' s  voc * 
15 1.45 

l5.5 1.451 

16 1.44 

:7 1.45 

* Adhydrode r e s i s to r  connected. 

Figure 4 and Table I, 16 cc is the  optimm quantity of 
A t  C/6, a cell voltage of 1.44, pressure 25 psig,  e lec t ro ly te .  

and capacity of 7-N may be expected. 

Adhydrode Character is t ics  

After s e t t i ng  the quantity of e lec t ro ly te ,  the charac te r i s t ics  
of the Adhydrode were investigated a s  a function of  temperature. 
c e l l s  were placed i n  a water cooled o i l  bath. 
culated around each c e l l  by means of baff les .  
waswed as the control and actuated the cooling water valve. 
Adhydrode charac te r i s t ics  a re  shown i n  Figures 5 and 6. 
seen, the  charac te r i s t ics  a t  25OC and 4OoC are q u i t s  s imilar  t o  each 
other  and the knee of the curve w e l l  defined. 
Adhydrode ac t ion  is, therefore, feasible.  

The ' 

The o i l  was rapidly c i r -  
A thermostat on one c e l l  

%e 
A s  may be 

C e l l  control through 

ProducFion - C e l l s  

A f t e r  es tabl ishing mechanical design, e l e c t r i c a l  charac te r i s t ics ,  
manufacturing procedures, and production tooling, an i n i t i a l  production 
order of 100 c e l l s  was in i t ia ted .  
group and tes ted.  
a f t e r  s t ab i l i za t ion  a r e  shown i n  Table 2. 

Five c e l l s  were taken from t h i s  
Cell volrage and pressure were monitored and values 

These five c e l l s  were also subjected to  a continuous charge a t  
C/8 and 77OF, and the voltage was monitored during t h i s  charge. 
data a r e  l i s t e d  i n  Table XII. 
a f t e r  10-11 hours, and then tends t o  decrease a t  a very slow ra te .  

These 
A s  may be seen, the c e l l  voltage peaks 
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TABLE HI. PRODUCTION CELLS-OVERCHARGE CHARACTERISTICS 

RATE l TEMPERATURE I VOLTAGE PRESSURE 

C/10 (.600A) 
C/8 (.75OA) 
C/6 (1.OA) 
C14 (1.5oA) 
C/3 (2,OA) 

C/10 (.60A) 
C/8 (.750A) 
C/6 (1.OA) 

10 1 - 102 OF 
. 103-lO5oP 

105-107°F 
105-1063 
105-107 F 

~ 74-79OF 
78-80°F 
75-78OF 

1.36 
1.36 
1.37 
1.375 
1.38 

1.43 
1.42 
1.43 

-14 to  +3 
-16 t o  +4 
-13 t o  +6 
-7 t o  +13 
-2 t o  +17 

0 to  19 
0 to 21 
3 to  26 

TABU 111, 

TD4E W W G E  
C"% U!i!B -750 A 

15 M$II. 
1 a. 15 Min. 
2 Hr. 15 Min. 
3 Hr. 15 Min. . 
4 .Hr. 15 Min. 
5 Hr. 15. Min. 
6 Hr. 15 Min. 
7 Hr. 15 Min. 
8 Hr. 15 Min. - 
8 Hr. 45 Min. 
9 Hr. 15 Min. 
9 Hr.  45 Min. 

10 Hr. 15 Min. 
10 Hr. 45 Min. 
11 Hr. 15 Min. 
12 Hr. 15 Min. 
13 Hr. 15 Min. 
14 Hr. 15 Min. 
15 Hr. 15 Min. 
16 .Hr. 15 Min. 

? 
ON CHARGE VOLTAGE CHARACTERISTICS 

. VO-6HS TP AD 

CELL NU 
1 

1.32+ 
1.36 
1.38- 
1.39- 
1.395 
1.40 
1.405 
1.41+ 
1.42- 
1.42+ 
1.43 
1.44- 
1.45- 
1.45- 
1 -445 
1.445 
1.44 
1.44+ 
1 . 44+ 
1.44- 

2 

1.31 
1.35+ 
1.37 

1.39 
1.395 
1 . 40+ 
1.41- 
1.41+ 
1.42- 
1.42+ 
1.43 
1.44- 
1.44+ 
1.435 
1.435 
1.43+ 
1.43+ 
1.435 
1.43- 

1.311 

3 

1.31'5 
1.36 
1.38- 
1.39- 
1.395 
1.40 
1.405 
1.41+ 

1.42+ 
1.43 
1.435 
1.44 

1.435 
1.44 
1.43+ 
1.43+ 
1.435 
1.43- 

1.42- 

1.44- 

1.31- 
1.36- 
1.375 
1.39- 
1.395 
1.40 
1.405 
1.41+ 
1.415 
1.42 
'1.425 

1.43 
1.43+ 
1.425 
1.43 

1,425 
1.425 
1.42 

. 1.43- 

1.425- 

. .  
5* 

1.31+ 
1.36 
1.38 
1.39- 
1.395 
1.40 
1.405 
1.41+ 
1.42- 
1.42+ 
1.43- 
,1.43+ 
1.435 
1.435 
1.43 
1.435 
1.43- 
1.43 
1.43 
1.435 

* Cells 84 and #5 have a load resistor between Adhydrode terminal 
and negative terminal--other c e l l s  do not. 

1 
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CHARACTERIZATION 

.. - 

'An in-house test  program was  introduced a t  Gulton Indus t r ies  t o  
determine basic  minimum cell cha rac t e r i s t i c s  fo r  the production c e l l s .  
Table IV sumar i zes  the  charac te r i s t ics  of 199 c e l l s .  
taken from in-a i r  bench t e s t s .  
u t i l i z e d  on every f i f t h  cell t o  determine if c e l l  temperature w a s  a t  77OF 

m e s e  data are 
A temperature sensing device was 

- + 2OF, 
The bench data ,  a s  taken a t  Gulton Industr ies ,  did not concur 

with t e s t  data of the  same c e l l s  when tes ted  a t  the Goddard Space F l ight  
Center. 
on overcharge. 
a c t e r i s t i c s  under more t i gh t ly  controlled conditions. 
report  w a s  issued, and a portion is attached as Appendix I. Recap- 
i t u l a t i n g  the  r e s u l t s  of t h i s  program, i t  was found t h a t  c e l l  voltage 
and pressure increased as the quant i ty  of e l ec t ro ly t e  was increased 
from 16 cc t o  19.5 cc. The test program included a study of the rate 
a t  which the c e l l  could be overcharged. A standard VO-6 HS was used 
a s  a control.  
the  control  c e l l  and the  th in  p l a t e  c e l l  occurred u n t i l  charge rates 
became high (C/3). At this point ,  the  advantages of t h i n  p l a t e  con- 
s t ruc t ion  began t o  show up. The thin p l a t e  cell  was  consis tent ly  lower 
i n  pressure than the  control  o r  standard c e l l .  It is  f e l t  t h a t  t h i s  
d i f f e r e n t i a l  i n  pressure pa r t ly  accowits fo r  the  similar voltage l eve l s  
as not  enough oxygen is present t o  depolarize the negatives. 

This was pa r t i cu la r  i n  regard t o  capacity and c e l l  voltage 
An interim program was in s t i t u t ed  t o  review c e l l  char- 

An interim 

No marked difference i n  voltage characterist ics*between 

TABLE IV. SuMMARll PRODUCTION TEST CKARACTERISTICS 

a m  
NO 

1 
2 '  
3 
4 
5 
6 .  
7 
8 
9 
10 

- 
NO. OF 

CELLS 

16 
4 -. 

29 
1 2  - 
24 

' 30 
40 
16 
13 
15 

AVERAGE 
CAPACITY 

A.R. 

6.30 
6.70 
6.75 , 

6.80 
6.60 
6.0 
7 .O 
7 .O 
7 . 1  
.6.85 

AVERAGE 0 

VOLTAGE 
VDC * 

1.43 
1.40 , 

t .1.40 
1.42 
1.40 
1.39 
1.42 
1.38 
1.40 
1.42 

ERCHARGE CHARACTERISTICS 
I ADHYDRODE 

,8 
1'5 
3 
,3 
5 
2 
8 
2 

-2 
9' 

110 
115 
100 
95 

115 
95 

100 
65 

105 

t 
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CELL NO, 
* 

234 
236 
246 
276 * 

2 79 

8 -  

I 

W A C  ITY 
7 

CYCLE NO. 1 CYCLE NO. 2 CYCLE NO. 3 

6.95 6.55 6 .as 
7 -05 6.55 6.90 
6.90 6 .50  6.75 
6.65 6.45 6 .60  
6.95 6.55 6 .80  

CAPACITY DETERMINATION 

In  addi t ion to the  work on overcharge charac te r i s t ics ,  we inves- 
t iga ted  means of determining c e l l  capacity within a 2 4  hour period. 
!Che cycle consists of: 

1. A cel l  which has been discharged t o  1.0 vo l t  is shorted 
with a 1 ohm res i s to r  fo r  16 hours. 

2 .  Remove 1 ohm short  and dead short  for 1 hour. 

3 .  Remove dead short  and charge a t  3.0 amperes for  2 hours, 
15 minutes. 

4. Reduce charge t o  0.6 ampere and continue for  1 hour, 45 min. 

5 .  Place on open c i r cu i t  fo r  5 minutes. 

6 .  Discharge a t  3.0 amperes t o  1.0 vol t s .  Record capacity. 

The capacity fo r  three cycles per  desaribed method is given i n  
Cycle #l was s l igh t ly  modified (charge a t  3.0 amperes f o r  Table V. 

2 hours, 30 minutes) and t h i s  accounts; fo r  high end-of-charge voltage,  
a s  shown i n  Table VI. 

TABLE V. CELL CAPACITY USING 2 4  HOUR ROUTINE 

It would appear t ha t  the method y ie lds  a higher capacity than if 
the  600 m a  charge method is  used (where our capacity is 6 . 5 5 ) .  
1 and 3 are qu i t e  uniform. 

Cycles 

-13- 
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TABLE VI. CELL VOLTAGE USING 24 HOUR ROUTINE 

CELL No. 
END OF 3 .0  AMPERE CHARGE VOLTAGE 

WCLE NO. 1 I CYCLE NO. 2 I 3 Y c L E N o . 3 '  

234 
236 
246 
2 76 
2 79 

1.48 
1'. 47 
1.49 
1.50 
1.50 

1.47 
1.45 
1.45 
1.46 
1.45 

1.46 
1.45 
1.46 
1.48 
1.47 

1 I I 1 

We conclude tha t  (1) i t  is possible t o  determine capacity within 
a 24 hour period, (2) the  maximum voltage during the charge period 

(3) the capacity w i l l  be approximately .30 AH higher than i f  the elow 
charge (600 ma u n t i l  s tab i l iza t ion)  is used. 

I w i l l  be 1.48 and w i l l  occur a t  the end of the 3.0  ampere charge, and 

I 
~ 

\ 

, 

I . -  

. 
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RUBBER SEAL PROGRAM 

Introduction 
I '  
I 

* -  

%e object ive of  t h i s  program was the  development of a rubber 
seal 'for use on VO-6 WAD ce l l s .  

Seal Design 

The configuration of the rubber seal assembly is shown i n  Fig. 3B, 
Appendix 11. 
brazed t o  the  cover, the neoprene gasket which is molded i n  place and 
bonded i n  a s ing le  operation, the bushing, and the terminal which i s  
welded t o  the bushing t o  complete the seal. 

Each s e a l  consis ts  of four p a r t s ;  the spool which is  

Two molding and bonding methods were used i n  the construction of 
. these seals for  the  t e s t i n g  program. They were: 

1. Transfer molded, with a l l  p a r t s  i n  contact with the  neoprene 

i t y  of the  vendors neoprene f o r  nickel.  
. fabricated of "A" nickel. Bonding was dependent on the a f f i n -  

2. Compression molded, with the  metal port ions of t he  seal fab- 
r i ca t ed  of cold ro l led  steel. 
through the  use of  a bonding agent applied t o  the  metal par ts  
p r i o r  t o  the  molding operation. 

Bonding w a s  accomplished 

I 

Seal Testing 

Force vs. Deflection.- Both types of s ea l s  were subjected t o  cam- 
pression t e s t ing  t o  determine the s t rengths  of the  rubber t o  m e t a l  bonds. 

The r e s u l t s  of t h i s  tes t ing  showed the  compression molded seals 
incorporating a bonding agent t o  be superior t o  those manufactured by 
the  f i r s t  method described above. 
an average breaking s t rength exceeding 200 lbs. ,  as opposed t o  30 lbs .  
f o r  the t r ans fe r  molded seals .  

The compression molded sea l s  had 

Because the t r ans fe r  molded sea l s  f a i l e d  t o  meet the minimum 
spec i f ica t ion  load of 50 lbs., it was decided t o  eliminate them from __-- . ___- . 
the  programel_ - _ _  ' - .. 

I n  the i n t e r e s t  of having more than one source, a new vendor w a s  
contacted, and s e a l s  were purchased which were fabricated i n  a manner 
similar t o  the  campression molded seals. 
a l s o  exceeded 200 lbs .  breaking s t rength.  

These seals, when tes ted ,  

L i fe  Testinq. - Three t e s t  f i x tu re s  were supplied t o  Gulton by 
NASA, Goddard Space F l ight  Center, 
descr ipt ion of the f ix tu rks  and l i f e  t e s t  program can be found i n  
Appendix 11. 

for l i f e  t e s t ing  the sea ls .  A 

-15- 0 
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Twenty-four of each of the ava i lab le  s e a l  types were assembled 
i n  t h e ' t e s t  f i x tu re s  and the t e s t ing  was i n i t i a t e d .  
of t e s t ing ,  the test f ix tures  began t o  leak KOH. 
occurred a t  the s i l v e r  brazed j o i n t s  of the  bellows assemblies, and 
e f f o r t s  t o  seal the f ix tures  proved unsuccessful. Concurrently with - I 

t he  r i f e  t e s t ing ,  c e l l s  were fabricated using both types of seals. 
From the  r e s u l t s  of the cell construction, described i n  the  follow- 
ing sec t ion ,  it was decided t o  suspend the l i f e  tes t ing .  

After three days 
These leaks . 

i 

Construction Of Cells 

Thirty VO-6 P A D  c e l l s  were constructed using f i f t e e n  of each of 
Following fabr ica t ion ,  the c e l l s  were helium the two types of sea ls .  

leak checked, act ivated and subjected to  e l e c t r i c a l  processing. 
the  e l e c t r i c a l  prdcessing period, approximately f i v e  weeks, f i f t e e n  
of the  c e l l s  developed leaks a t  the rubber sea ls .  
it w a s  decided t o  suspend the l i f e  t e s t ing  and terminate the program. 

During 

Due t o  these r e s u l t s ,  

Conclusions 

Analysis of the  c e l l  f a i lu re s ,  t he  seal design, and the f ib r i ca -  
tion and assembly methods has led t o  the  folluwing conclusions, I 

1. n e  rubber seal should be redesigned t o  provide the following: 

a. Longer leak path. I 

'. 

b. Some means t o  prevent the wiping away of the  bonding 
agent by the  rubber during the molding process. 

Adequate i so l a t ion  of  t he  rubber s e a l  from areas t o  be 
welded. 

C. 

* 

2. Improved hea t  sinking methods must be developed t o  p ro tec t  
the  rubber seal from the  hea t  of welding associated with c e l l  
assembly e 

These conclusions have been borne out where a similar type of 
rubber s e a l  was used for "D" and "F" s i z e  s p i r a l  c e l l s .  Two hundred 
of these c e l l s  were constructed under Contract NAS5-7219, during the  
period from March 1965 through June 1965. To date ,  none of these 
c e l l s  have shown evidence of ' leakage a t  the rubber sealed terminal. 
The configuration of these sea ls  is shown i n  Figure 7. As can be 
seen from the  drawing, the leak path is  greater  than on the sea l s  
used i n  the VO-6TPAD c e l l s .  Another s ign i f i can t  difference between 
the two types of s ea l s  is  the grooving of the  adjacent metal par t s .  
The e f f e c t  of these grooves is twofold; (a) increased leak path, and 
(b) re ten t ion  of the bonding agent during the molding operation. 

-16- 
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A compression molding process is  used i n  the  fabricat ion of these 
seals .  
a r e  then assembled in to  a su i tab le  mold with a preform of the uncured 
rubber placed between them. 
the rubber t o  the desired areas in the  pa r t  and extruding the excess 
through vents in  the mold. 
surfaces bf the parts can, unless s teps  are taken i n  the design of the 
par t s ,  wipe away the bonding agent, resu l t ing  in poor adhesion. 

In t h i s  procesg, a bonding agent is applied t o  the  pa r t s ,  which 

Heat and pressure a re  applied,  molding . 
!this movement of the rubber across the 

, 

. 
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I. 

APPENDIX I. - INTERIM STUDY OF CELLS 

Object 

'Ihe object of t h i s  program w a s  t o  determine the e l e c t r i c a l  
cha rac t e r i s t i c s  of the VO-6 HS TPAD and VO-6 HS ce l l s .  
concern are voltage and pressure charac te r i s t ics  as a function of 
overcharge current ,  and voltage and pressure charac te r i s t ics  as a 
function of quantity of e lec t ro ly te .  The former test w a s  run i n  an 
o i l  bath and the l a t t e r  i n  an a i r  bath. The t e s t s  a r e  described i n  
the  following paragraphs. 

Of prime 

SCES'E 1, - RECHECK OF QUANTI= OF ELeCTROLYTE 

I. CELLS TO BE USED 

: A. 2 Standard VO-6HS cells from current production. 
\ 

B. 2 of the  or ig ina l  23 t h in  p l a t e  prototypes. These 
w e r e  taken from t he  first production lo t .  
16 cc KOH. 

2 of the  or ig ina l  '23 thin: p l a t e  prototypes t o  which 
3.5 cc's have been added; therefore  a t o t a l  of 19.5 cc. 

2 VO-6 HS TPAD c e l l s  taken from the  present production 
l o t  t o  which 1 cc has  been added for a t o t a l  of 1 7  cc, 

These have 

' C. 

D, 

E. 2 VO-6 HS TPAD ce l la  taken from the  present production 
l o t  t o  which 2 cc has  beeri added fo r  a t o t a l  of 18 cc. 

* 

TI. GEXERAL XNSTRUCTIONS 

A. One c e l l  of each Adhydrode group ie t o  have a .)r ohm 
r e s i s t o r  connected from the negative terminal t o  the  
Adhydrode. .+ 

B. A thermocouple is t% be attached t o  each pos i t ive  ter- 
minal. 

C. Cells are t o  be ' in  metal res t ra in ing  p la tes .  A t h in  
f i l m  of s i l i cone  grease i s  t o  be used between the c e l l  
wall  and jacket.  

D,. Monitor c e l l  voltage, pressure,  temperature and Adhy- 
drode current.  

Use a fan t o  cool the  ce l l s .  
\ 

E. 

i 

- 1-1 - . 
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111. TEST PROCEDURE 

I -  
I i  A. List of cell serial numbers and conditions. 

QUANTITY ADHYDRODE 
S/N TYPE KOH CONNECTED REMARKS 

(cc) 
1 -  

5833 YO-6HS --- From present production 
5834 VO-6HS --- Prom present production 

105 VO-6HS TPAD 16 Yes From first production 

106 VO-6HS TPAD 16 No 
lot 

I 249 VO-6HS TPAD 17 Yes 

250 VO-6HS TPAD 13 No From present production 

251 VO-6HS WAD 18 Yea 

, -  

253 VO-6HS WAD 18 NO 

108 VO-6HS TPAD 19.5 No 
% 

I 

. 111 VO-6HS TPAD 19.5 Yes From first production 
lot 

Theee cells were placed on charge at 130Opm on March 22, 1965, at 
750 ma. Data was recorded at 0900 on March 23, 1965, 1700 onMarch 23, 
and 1000 on March 24, 1965, as shown in Table I. 

1-2 
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In general certain conclusions may be drawn from this test. 

1. 
The thin plate six is comparable t o  the V0-6HS in terms of voltage when 
16 cc KOii is used. 
Adhydrode connection makes a difference. 
sensitive. 

Cell voltage tends to increase with qvantity of electrolyte. 

It cannot be clearly ascertained whether or not 
Cell voltage is temperature 

2. Cell pressure increases with addition of electrolyte. A 
VO-6HS TPAD with 16 cc of KC)H operates at a lower pressure than 
a standard VO-6. 
when the Adhydrode is connected. No correlation exists between 
pressure and temperature. 

In general, a cell runs a t  a lower pressure 

TEST 2. 

I. CELLS TO BE ESED 

A. 3 Standard VO-6HS cells from current production. 

B. 3 VO-6HS TPAD cells from current production. 
standard quantity of KOH (16 cc). 

These have the 

11. GENERAL INSTRUCTIONS 

A. Do not connect Adhydrode to negative terminal. 

B. A thermocouple is to be attached to each positive terminal. 

C. Cells are to be in metal restraining plates. A thin film 
of silicon grease is to be used between the cell wall and 
jacket . 
Monitor cell voltage, pressure and temperature. D. 

E. Cells are to be iglmersed in an oil bath. Monitor oil bath 
temperature. 
and cell temperature, then try to hold cell temperature to 
77'F. 

If a marked difference exists between oil bath 

F. Oil bath is to be controlled by constant cooling with water 
and intermittent heating with an immersion heater. 

111. TEST PROCEDURE AND RESUXTS 

LIST OF SERUL NOS. & CELL TYPE 

SIN 
255 
- 
257 
2 58 
5830 
5831 
5832 

CELL TYPE 
VO-6HS WAD 
VO-6HS TPAD 
VO-6HS TPAD 
VO-6HS 
VQ- 6HS 
VQ-6HS 
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i 

A. 
bath and placed on charge a t  750 ma (C/8). 

A t  1700 on March 22 ,  1965, these ce11s were placed i n  an o i l  

A t  0940 on March 23, 1965, c e l l  da ta  w a s  recorded 
i n  Table 11. 

S/N 
255 
257 
2 58 

5830 
583 1 
5832 

TABLE 11 

VOLTAGE 
1.46 
1.46 
1.45 
1.44 
1. .45 
1.44 

PRESSURE 
9 

12  
1 2  
2 1  
25 
1 7  

A t  0940 on March 23, 1.965 the  r a t e  was changed t o  
Table I11 summarizes the  da ta  taken from 0940 (C/4) ,  

and is shown 

1.5 amperes, 
t o  1640. 

1-5 
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With reference t o  Table 111 and the  data from which it w a s  taken, 
The VO-6HS TPAD had s tab i l ized  a s  the following comments may be made. 

evidenced by constant pressure over 3-4 readings every 10 minutes for  
30-40 minutes. During t h i s  same period, the VO-6HS c e l l s  rose from 3 t o  
7 psig.  It would appear, however, t ha t  the r a t e  of pressure change i n  
the VO-6HS had declined somewhat and was approaching s t ab i l i za t ion .  

A t  1700 on 3-23-65, the charge r a t e  w a s  reduced from 1.5 amperes 
(C/4)  t o  0.75 ampere (C/8) .  

B. 
monitored and are shown i n  Table IV. 

A t  0900 on 3-24-65, voltage,  pressure,  and temperature were again 

TABLE IV. 

OVERCHARGE AT C/8 I N  OIL BATH 

SERIAL 
NO. 
255 

257 

258 

m9 
5831 

5832 

V 
VDC 

1.46 

1.46 

1.46 

-1 044 

1.49 

1.45 

D 

PSIG 
11 

14 

12 

27 

42 

22 

T 
ow 

~~ 

7 1  

71 

72 - 5  

71 

71 

71 

C. A t  0920 on 3-24-65, the rate w a s  increased t o  1.71 amperes (C/3.5). 
Characteristics were monitored per iodical ly  and a t  1435 on 3-24-65, 
C e l l  S/N 255, 257, and 5830 were taken and the  gas content analyzed with 
a Barrel1 Gag Analyzer. 
input  line to t he  analyzer was not properly evacuated. 
12% H2 and C e l l  #5830 yielded 20% by volume. 
were charged with 02 t o  t h e i r  pressure p r io r  t o  the test. 
however, was charged to 58 ps ig  ( the average pressure of VO-6HS - excluding 
5831.) 

C e l l  9257 w a s  done incorrect ly ,  i n  t h a t  the  
C e l l  #255 yielded 

After t e s t ing  the  c e l l s  
C e l l  #257, 

Voltage dropped from 1.47 t o  1.45. Table V summarizes t h i s  test. 

I- 7 
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Comments on Table V 

. 

It appears t h a t  the charac te r i s t ics  of 5830 have changed considerably 
due t o  the introduction of  oxygen. 
the  decl ine i n  pressure. 
t h i n  p l a t e  c e l l  becomes equal t o  o r  superior t o  the standard VO-6 with 
regard to voltage. 

This is pa r t i cu la r ly  evidenced by 
This a lso  appears t o  be the point  where the 

D. 
t o  0.75 ampere. 

A t  1700 on 3-24-65, the charge rate w a s  reduced from 1.71  amperes 

A t  0845 on 3-25-65, overcharge data  a t  0.75 ampere w a s  recorded. 
This is shown i n  Table VI below. 

TABLE V I .  

OVERCHARGE AT C/8 I N  OIL BATH 

SKRIAL 
no . 
25s 

257 1 

830 

5831 

5832 

v 
VDC 
1.46 

1.47 

1.46 

1.47 

1.46 

1.43 

D 

P S I G  

11 

13 

11 

9 

38 

20 

T 
"F 

76 

76.5 

76.5 

76 

78 

76 

E. 

"torch test". 
repressurized t o  this i n i t i a l  pressure a f t e r  the torch test. Table VI1 
sunmarizes t h i s  data. 

A t  0945 on 3-24-65, the  charge rate w a s  increased from 0.75 ampere 
(C/8) to  1-71 amperes. A t  1330, each c e l l  w a s  t e s t ed  f o r  H2 using the 

Pressure was  monitored before the torch tes t ,  and the c e l l  



TABU V I 1  

QVERCHARGE AT C/3.5 IN OIL BATH 

P 
PSIG 

38 

37 

33 

15 

90 

60 

' -  
e 

1 T 
OF 

79.5 

81 

79 

79 

79 

79.5 

SERIAL 
NO . 
255 

257 

258 

5830 

583 1 

5832 

SERIAL 
No. 
255 

257 

258 

5830 

583 1 

5832 
Y 

HOUR 
P 

PSIG 

36 

35 

30 

15 

70 

42 

- - - 

- 

V P 
VDC PSIG 

1.44 17 

1.45 17 

1-44 15 

1.43 18 

1.44 38 

1.43 32 

- 
T 
op 
- - 
78 

81 

79 

79 

79 

78.5 - 
1.50 

1.47 

36 

37 

31 

15 

79 

49 - 

78.5 

81 

79.5 

78.5 

79.5 

78.5 

3 1  
V 
- - - 
1.47 

1.48 

1.48 

1.50 

1.49 

1.45 
- 

TORCH 
TEST 

02 

0 2  

0 2  

O2 

02  

O2 

A t  1440 on 3-24-65, the rate was reduced to 750 ma (C/8). A t  1700 it 
w a s  increaclad to X.0 ampere (C/6). 

5,  after 64 hours at 1 ampere, data was recorded 

TABLE V I 1 1  

OVERCHARGE AT C/6 IN OIL BATH 

T 
OF 

77 

77 

77 

77 

77 

77 

It should be noted tha t  the cells are a t  a lower voltage a f t e r  64 hours 

. -  
a t  C/6 than a f t e r  16 hours at C/8. 
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G. A t  0915 on 3-29-65, the r a t e  was increased from 1 ampere (C/6)  t o  

P 
?SIG 

34 

34 

29 

39 

71 

58 

i 
! 
i -  s.' 

T 
OF 

76 

78 

78 

78 

77 

2 .Q amperes ( @ / 3 ) .  
period . 

v 

1.49 

1.49 

1.49 

1.52 

1.52 

1.52 

SERIAL 
. NO. 

P 
PSIG 

35 

35 

30 

40 

79 

64 

255 

257 

2 58 

5830 

5831 

5832 

Bath 
Temp. 

- - v 

1.46 

1.47 

1.47 

1-47 

1.48 

1.45 

- nom - 
P 

PSIG 
7 

- 
34 

33 

29 

39 

67 

56 
- 

25OC 

Table IX summarizes the  da ta  taken over a 5 hour 

TABLE IX 

OVERCHARGE AT C / 3  I N  OIL BATH 

- 
1 I  
v - 

1.48 

1.49 

1.49 

1.50 

1.51 

1.47 
- 

34 79 ;;: 
24OC 

- 
1 H  
v - - 

- 
1.48 

1.49 

1.49 

1.52 

1.52 

1.47 - 
23OC 

I 5 
- 
76.5 

78 

78 

78 

76.5 - 
After  t he  torch test, the  c e l l s  were recharged t o  t h e i r  . o r i g i n a l  o r  

pre-vent pressure  and S/N 5830 was removed from the  c i r c u i t .  
Charge w a s  reduced from 2A (C/3) to 0.75A (C/8) .  

The r a t e  of 

H. 
1.2A (C/5). 
shown i n  Table X. 

At 1100 on 3/30/65, the  charge rate was  changed from 0.75A (C/8)  t o  
A t  0900, 3/31/65 (22 hours la ter)  da ta  w a s  recorded and is 

1-11 



SERIAL v 
VDC NO. 

255 

25 7 

258 

5831 

5832 

P 
PSIG 

TABLE X 

OVERCHARGE AT C/5 IN OIL BATH 

SERIAL v P T 
. NO., VDC PSiG OF 

2 55 1.41 8 77 

257 1.43 9 77 

258 1.42 11 78 

5831 1.42 33 78 

5832 1.40 19 77 

1.44 

1.46 

1.45 

1.47 

P -43 

18 

18 

20 

49 

34 

T 
OF 
77.5 

78.5 

79 .5 

77.5 

77.5 

I. 
(C/8). 

At 0915 on 3-31-65, the rate was reduced from 1.2 amperes to ,750 amperes 
At 1545, data was recorded and is sunnnarized in Table XI. 

TABLE XI 

OVERCHARGE AT C/8 IN O I L  BATH 

IV. SUMMARY TEST I1 

attempt to Tables 1 and II show averages of cell conditions. If we 
show a range, the results become meaningless, 
small sample. 

This is probable due- to the 

Table XI is of special interest, as noted by low cell voltages and 
uniform temperature. 
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I. INTRODUCTION 

. 

The purpose of this test program is to subject a comprehensive 
sampling of rubber sealed VO-6 Header Assemblies to the physical and 
chemical stresses encountered during the construction and life of a 
VO-6 cell. 

Two types of header assemblies will be tested. The only differ- 
ences between the two types is the method of bonding the rubber to 
the metal parts, and the material of which the metal parts are fab- 
ricated. Twenty-seven specimens of each type are to be tested. 

Following the evaluation of the test data, 50 VO-6 Adhydrode cells 
will be assembled using the header type proven to have the greater 
reliability. 



11. TEST PLAN 

I *  

' .  
F 

The basic test plan is asshown in Figure 1. This chart outlines 
the major steps to be taken, atarting with the selected specimens of 
each type, the various tests to be performed and ending with the test 
report. The test program will consist of two phases, A and B. 

Phase A involves 3 samples of each type assembly. The objective 
of this phase is to determine the basic physical properties of the 
header assemblies, and to determine what degradation of the seal to 
expect during the construction processes. These processes consist 
primarily of welding the electrode assembly to the terminals, and 
welding the header assembly to the cell container. 

Phase B is an accelerated life test, The testing will be accom- 
plished using three test fixtures supplied by NASA-Goddard, 
fixtures are designed to duplicate the environment found in a nickel- 
cadmitun cell, including exposure to potassium hydroxide, oxygen and a 
cycling pressure change. 
oven. 
65OC, and 90%. 
pressures of 50 psig and atmospheric at 3 minute intervals. 
will run continuously for the 12 week duration of this test, resulting 
in approximately 20,000 cycles, 

These 

llhe fixtures will each be mounted in an 
The ovens will operate at three different temperatures, 4OoC, 

The pressure cycle consists of alternately applying 
The cycling 
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111. TEST PROCEDUXE 

The following is  a detai led description of the tests t o  be per- 
formed i n  accordance with the steps outlined i n  the T e s t  Plan, Figure 1. 

A, PHASEA -TESTING 

1, Selection of T e s t  Specimens 

One hundred of each type header assembly a re  to  be fabricated.  
Twenty-seven of each type are  t o  be randomly selected from these 
groups. These f i f ty-four  headers w i l l  const i tute  the test  specimens. 
From these groups of twenty-seven, three of each type w i l l  be ran- 
dmly  selected for  Phase A testing. 

2. Physical Testing 

2.A.1. "Veeco" Mass Spectrameter Leak Chekc. 

2.A,2. Force versus def lect ion 
For tes t  arrangement, see Figure 2 

2.A.2.1. F i r s t  sample of each type to  be tes ted  to destruction. 
Purpose: To establ ish test  levels for  remaining two 

specimens . 
2.A.2.2. Remaining specimens t o  be tes ted  to  50% of y ie ld  l eve l  

established above. 

2 oA.3 Repeat Step 2 . A . 1  (Leak Test) 
Record a l l  data 

3. Welding Investigation 

3,A.l. Weld terminals i n  place i n  accordance with Figure 3A. 
Record temperatures a t  thermocouples during welding 
operation, 

3.A.2. Weld cover into container i n  accordance with Figure 3B. 
Record temperatures a t  thermocouples during welding 
operation, 

4. Physical Testing 

Repeat Step 2A, except 2.A.2.1 
Record data. 
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5. Section and Evaluate 

c 
I 
I 

c 

f 

Cross-section the header assemblies through the terminals and 
visual ly  examine the bonded areas for  signs of degradation due t o  
heat ,  stress, etc.  Specimens sha l l  be ident i f ied  and marked. A l l  
discrepancies are t o  be documented and photographed where necessary 
t o  clealcly describe'  the defect. 

B. #Ws% B - TESTING 

Step 2B 

Weld remaining 24 of each type assembly previously selected i n  
Step 1 in to  the test  f ixtures  i n  acccrdance with Figure 4. 
fill  t e s t  f ix tures  with KOH and oxygen in  the fo1l.owing manner: 

Then 

Step 2B.1, 

Vacuum f i l l  f i x tu re  completely with KQH; then remove 16 cc of 

Connect oxygen tank t o  
the f l u i d  and close valve. Mount t es t  f i x t u r e  ve r t i ca l ly  in to  a 
f ix tu re  simulating the rotat ing manifold. 
valve andpressur ize  f ix tu re  t o  50 p s i ,  remove oxygen connection 
and vent t he  f ix tu re  t o  the  atmosphere. 
three times, closing the valve after the last venting operation. 
After the f i l l i n g  operation above, assemble test f ix tures  in to  the 
ro t a t ing  pressure manifolds provided,.and start  the test cycle. 

Repeat t h i s  operation 

Step 3B - Skiing Test 

A t  10 day in te rya ls ,  one specimen of each type will be removed 
from each of the three test f ixtures .  
be subjected t o  the  physical t es t ing ,  sectioning and evaluation 
as previously described i n  the Phase A tes t ing.  

S tep  6 

nese  specimens sha l l  then 

A t  the  conclusion of al l  tes t ing ,  t h e  test  data w i l l  be evaluated 
and incorporated in to  the f ina l  test report. 
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